INTRODUCTION
Several investigators have stressed the importance of genetic factors in the aetiology of malformations of the central nervous system, and some have even advanced hypotheses describing the genetic mechanisms involved. Such hypotheses are speculative, and the role of environmental events should continue to receive evaluation.
Association of characteristics of the offspring with birth order or with maternal age is provisional evidence of the operation of environmental influences in causation; in addition, such data may provide clues for the elucidation of the more specific environments involved. The weight of previously published evidence relating congenital malformations of the central nervous system to birth rank and maternal age suggests that both variables influence the occurrence of these anomalies. Penrose (1946) , using a modification of the Greenwood-Yule method, found an increasing frequency of a group of central nervous malformations (anencephalus, spina bifida, and hydrocephalus) with advancing maternal age. After correction for the effect of maternal age, occurrence was somewhat excessive in the first birth rank and at birth ranks 7 and over. Malpas (1937) analysed the distribution of anencephaly (44 cases among 13,964 deliveries) according to maternal age, and found the defect to occur about ten times more frequently in the age group 46-50 than in the age group 16-20. Book and Rayner (1950) surveyed the protocols of 67 cases of anencephaly without finding any significant relation of the defect to advancing age or birth rank. Schwidde (1952) and Polman (1950) have also reported negative findings. Buchi (1950) in Copenhagen, and noted increasing frequency of hydrocephalus, spina bifida, and anencephalus with increasing maternal age. A similar investigation by Hegnauer (1951) confirmed these relationships for hydrocephalus and anencephalus, although no association was observed between maternal age and spina bifida. Record and McKeown (1949) , presenting the largest material to date, compared stillbirths and infant deaths attributed to malformations of the central nervous system in Birmingham, England, with a sample of births in the general population. In their material, the effect of maternal age on anencephalus and spina bifida was slight when compared with the influence of birth order, incidence being relatively high in first births and in births after the sixth; the effect of birth order on hydrocephalus was slight compared with the marked increase with advancing maternal age. group.bmj.com on October 19, 2017 -Published by http://jech.bmj.com/ Downloaded from relative to the comparison group being lowest in second births (Table II) . These differences are, however, less marked than those noted in Birmingham, particularly in the excess of malformations in the later birth ranks, an excess which is not significant in the present series. For the three malformations grouped, a significant excess of anomalies is observed at high maternal ages (Table III) .
MATERIAL
The Tables also show the percentage distributions by age and parity of mothers for each of the three main subdivisions of central nervous system anomalies. Anencephalus with spina bifida is classed as "anencephalus", and encephalocele or spina bifida with hydrocephalus as "spina bifida". We have previously shown that sex ratios of individual malformations do not contraindicate these groupings (MacMahon, Pugh, and Ingalls, 1953) . We have also examined maternal age and birth order association separately for each of these five diagnoses and found no appreciable differences between anencephalus and anencephalus with spina bifida, or between spina bifida, spina bifida with hydrocephalus, and encephalocele. The small numbers involved in a finer subdivision, and the desirability of presenting material comparable to that previously published by others, are further reasons for adopting these groupings.
The excess of first births (Table II) is found to be mainly the result of excesses in the anencephalus and spina bifida groups, while the excess at high maternal ages (Table III) In Tables IV, V , and VI, trends with age and parity are examined separately for the three diagnoses by calculating incidence according to age and parity simultaneously. The assumption is made that all births (168,654) recorded in the five hospitals over the period of the inquiry are distributed by age and parity according to the distribution of the 1,654 mothers in the comparison group for whom age and parity were known.
The results are as might be expected from the data presented in Tables II and III. For both anencephalus (Table IV) and spina bifida (Table V) the main variation is in association with birth order. (1950) found no significant difference in fertility between mothers of malformed infants and mothers of control infants.
During the course of the inquiry, positive statements of maternal illnesses appearing on the obstetric case records of mothers of malformed infants were noted; such data are of wholly speculative value, since completeness of recording of such events is not known: no instance of rubella was recorded; three mothers had appendectomy during pregnancy, two in the first trimester and one on an unrecorded date; two had bicornuate uteri and one a septate vagina; four had placenta praevia; one had measles in the first month of pregnancy; and a diabetic mother gave birth to two successive macerated foetuses with hydrocephalus and a third child suspected of having congenital heart disease. Such observations must be viewed against the background of the 904 births among which they occurred. No significance can be attached to them in the absence of an unbiased search for similar events in the control group. None the less, they are worthy of record, since congenital anencephalus, spina bifida, and hydrocephalus have been induced experimentally of late years by such diverse environmental insults to the mother as roentgen irradiation (Russell, 1950) , vitamin deficiencies (Warkany, 1945), trypan-blue intoxication (Gillman and others, 1948) , or anoxia (Ingalls and others, 1950 For example, the percentage of first births in our comparison group is slightly higher than that in all livebirths to residents of Rhode Island (Table I) . The difference is small and not significant (I *84 ± I 48) but is nevertheless fairly constant throughout the period covered, and it seems reasonable to believe that a hospital population may be selected in favour of first births. On the other hand, births involving malformed infants, in common with other difficult or abnormal labours, may not be selected for parity to the same degree, and may be more representative of the population as a whole. This would tend to lower the incidence of malformations in hospital first births. If this were true the influence would be small, since the effect of using the Rhode Island livebirth figures instead of the hospital control population would be to raise the incidence of anencephalus in first births from 2-10 to 2 12 per cent., and of spina bifida from 2 82 to 2 84 per cent. More likely the difference between the comparison group and Rhode Island live births results from the absence of stillbirths, known to be commoner in first births, in the latter group. We have no information on survival for the hospital comparison group or on stillbirths for Rhode Island residents, and therefore cannot make a direct comparison.
Another feature of selection which probably influences the lower incidence of malformations observed in first births in Rhode Island is the relationship between duration of gestation and probability of being delivered in hospital. Duration of the gestation terminating in the birth of an infant with anencephalus is not given in the Birmingham series for the years of the age and parity inquiry, but is given in another communication for a somewhat longer period (MacMahon and McKeown, 1952) . These data are reproduced in (MacMahon and McKeown, 1952) , and a deficiency of early gestations Table X (opposite) gives the incidence of anencephalus and spina bifida combined in 4-yearly periods. The secular change in incidence noted in our previous communication (MacMahon, Pugh, and Ingalls, 1953) was most marked in first births, with the consequence that difference in incidence between first and later births was most marked in the earlier years of the inquiry. In fact, for the period 1948-52, no increased incidence in first births is observed. This situation is seen for both anencephalus and spina bifida when these are examined separately. Thus, if the inquiry had not included the years 1948-52, the results would have indicated a greater excess of first births than that now noted.
None of these considerations accounts for the lower incidence in later birth ranks here noted relative to the Birmingham study, and for this difference we have no explanation.
Interpretation of the meaning of these birth rank and maternal age associations is difficult. They may reasonably be regarded as evidence of the influence of environment in the aetiology of the conditions. The observation that the association between primiparity and anencephalus and spina bifida has been subject to secular change might suggest that the relationship has its explanation in the social and physical environment of the mother rather than in anatomic or physiological changes 
